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• Background Background Background Background 
• Objectives of the studyObjectives of the studyObjectives of the studyObjectives of the study
• Integrated Data SourcesIntegrated Data SourcesIntegrated Data SourcesIntegrated Data Sources
• Iterative Gravity ModelingIterative Gravity ModelingIterative Gravity ModelingIterative Gravity Modeling
• ResultsResultsResultsResults
– Minimization of residual gravity anomalyMinimization of residual gravity anomalyMinimization of residual gravity anomalyMinimization of residual gravity anomaly
– Proximity of SPR caverns to salt flanksProximity of SPR caverns to salt flanksProximity of SPR caverns to salt flanksProximity of SPR caverns to salt flanks

• ConclusionsConclusionsConclusionsConclusions
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The Big Hill salt dome in southeastern Texas contains The Big Hill salt dome in southeastern Texas contains The Big Hill salt dome in southeastern Texas contains The Big Hill salt dome in southeastern Texas contains 
14 solution14 solution14 solution14 solution----mined underground storage caverns used mined underground storage caverns used mined underground storage caverns used mined underground storage caverns used 
by the U. S. Department of Energy as part of the by the U. S. Department of Energy as part of the by the U. S. Department of Energy as part of the by the U. S. Department of Energy as part of the 
nation’s Strategic Petroleum Reserve.nation’s Strategic Petroleum Reserve.nation’s Strategic Petroleum Reserve.nation’s Strategic Petroleum Reserve.

The site was characterized in ~1980 and the The site was characterized in ~1980 and the The site was characterized in ~1980 and the The site was characterized in ~1980 and the 
SPR caverns were developed in midSPR caverns were developed in midSPR caverns were developed in midSPR caverns were developed in mid----late 1980s.late 1980s.late 1980s.late 1980s.

Current storage capacity is ~170 millions barrels, with Current storage capacity is ~170 millions barrels, with Current storage capacity is ~170 millions barrels, with Current storage capacity is ~170 millions barrels, with 
~90 million barrels of oil in storage.~90 million barrels of oil in storage.~90 million barrels of oil in storage.~90 million barrels of oil in storage.
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• To demonstrate the utility of To demonstrate the utility of To demonstrate the utility of To demonstrate the utility of 
statestatestatestate----ofofofof----thethethethe----art 3art 3art 3art 3----D modeling and D modeling and D modeling and D modeling and 
visualization techniquesvisualization techniquesvisualization techniquesvisualization techniques

• To produce an updated model of the Big Hill To produce an updated model of the Big Hill To produce an updated model of the Big Hill To produce an updated model of the Big Hill 
Salt Dome using data newly available since Salt Dome using data newly available since Salt Dome using data newly available since Salt Dome using data newly available since 
circacircacircacirca----1980198019801980
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• ~90 wells with formation tops ~90 wells with formation tops ~90 wells with formation tops ~90 wells with formation tops (dating to 1920’s)(dating to 1920’s)(dating to 1920’s)(dating to 1920’s)

• 2222----D shallow, highD shallow, highD shallow, highD shallow, high----resolution seismic survey, resolution seismic survey, resolution seismic survey, resolution seismic survey, 
acquired 1991 for Sandiaacquired 1991 for Sandiaacquired 1991 for Sandiaacquired 1991 for Sandia
• 3333----D seismic survey, acquired 1997 by D seismic survey, acquired 1997 by D seismic survey, acquired 1997 by D seismic survey, acquired 1997 by 

VeritasVeritasVeritasVeritas DGC (60 sq.mi. total;  used 9 sq.mi.)DGC (60 sq.mi. total;  used 9 sq.mi.)DGC (60 sq.mi. total;  used 9 sq.mi.)DGC (60 sq.mi. total;  used 9 sq.mi.)
• Extensive gravity measurements, acquired Extensive gravity measurements, acquired Extensive gravity measurements, acquired Extensive gravity measurements, acquired 

~1970s~1970s~1970s~1970s----1980s by GETECH, Inc. (800+ stations)1980s by GETECH, Inc. (800+ stations)1980s by GETECH, Inc. (800+ stations)1980s by GETECH, Inc. (800+ stations)
• DownDownDownDown----hole cavern sonar surveys by hole cavern sonar surveys by hole cavern sonar surveys by hole cavern sonar surveys by SonarwireSonarwireSonarwireSonarwire
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GETECH, IncorporatedGETECH, IncorporatedGETECH, IncorporatedGETECH, Incorporated
Houston, TexasHouston, TexasHouston, TexasHouston, Texas

Big Hill SPR Facilities

60606060----sq.mi.sq.mi.sq.mi.sq.mi.
3333----D D D D 

seismic seismic seismic seismic 
coveragecoveragecoveragecoverage

20,000 ft20,000 ft20,000 ft20,000 ft

~5,000 ft
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• Source:Source:Source:Source:
• DynamiteDynamiteDynamiteDynamite
• 220 ft spacing on 1760 ft lines220 ft spacing on 1760 ft lines220 ft spacing on 1760 ft lines220 ft spacing on 1760 ft lines
• Orientation: NEOrientation: NEOrientation: NEOrientation: NE----SWSWSWSW
• 72 stations per square mile72 stations per square mile72 stations per square mile72 stations per square mile

• ReceiversReceiversReceiversReceivers:
• 220 ft spacing on 1760 ft lines220 ft spacing on 1760 ft lines220 ft spacing on 1760 ft lines220 ft spacing on 1760 ft lines
• Orientation: NOrientation: NOrientation: NOrientation: N----SSSS
• 72 stations per square mile72 stations per square mile72 stations per square mile72 stations per square mile
• Geometry: 8 x 144 channelsGeometry: 8 x 144 channelsGeometry: 8 x 144 channelsGeometry: 8 x 144 channels

VeritasVeritasVeritasVeritas Land SurveysLand SurveysLand SurveysLand Surveys
Houston, TexasHouston, TexasHouston, TexasHouston, Texas20,000 ft20,000 ft20,000 ft20,000 ft
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9999----sq.mi.sq.mi.sq.mi.sq.mi.
3333----D seismicD seismicD seismicD seismic
coveragecoveragecoveragecoverage

Source:Source:Source:Source:
• Airgun Airgun Airgun Airgun (10 cu.in.)(10 cu.in.)(10 cu.in.)(10 cu.in.)
• 25 ft spacing25 ft spacing25 ft spacing25 ft spacing

ReceiversReceiversReceiversReceivers:
• 25 ft spacing 25 ft spacing 25 ft spacing 25 ft spacing 
• Geometry:  3 x 24 channelsGeometry:  3 x 24 channelsGeometry:  3 x 24 channelsGeometry:  3 x 24 channels

Walker GeophysicalWalker GeophysicalWalker GeophysicalWalker Geophysical
Essex, IowaEssex, IowaEssex, IowaEssex, Iowa

six 2six 2six 2six 2----D profiles D profiles D profiles D profiles 
directly overdirectly overdirectly overdirectly over
SPR facilitiesSPR facilitiesSPR facilitiesSPR facilities

5,000 ft
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hydrocarbon hydrocarbon hydrocarbon hydrocarbon 
E&P wellsE&P wellsE&P wellsE&P wells

SPRSPRSPRSPR
caverncaverncaverncavern
wellswellswellswells

9999----sq.mi.sq.mi.sq.mi.sq.mi.
3333----D seismicD seismicD seismicD seismic
coveragecoveragecoveragecoverage

5,000 ft5,000 ft5,000 ft5,000 ft
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of the Big Hill Salt Domeof the Big Hill Salt Domeof the Big Hill Salt Domeof the Big Hill Salt Dome
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approximately approximately approximately approximately 
1111----mile in mile in mile in mile in 
diameter; roughly diameter; roughly diameter; roughly diameter; roughly 
circularcircularcircularcircular

prominent prominent prominent prominent 
overhang to overhang to overhang to overhang to 
southsouthsouthsouth

oil production oil production oil production oil production 
from upturned from upturned from upturned from upturned 
Miocene Miocene Miocene Miocene 
sedimentssedimentssedimentssediments

sitesitesitesite----characterization model figure from characterization model figure from characterization model figure from characterization model figure from 
Magorian Magorian Magorian Magorian & Neal, 1988& Neal, 1988& Neal, 1988& Neal, 1988

Idealized Idealized Idealized Idealized 
SPR SPR SPR SPR 

cavernscavernscavernscaverns

saltsaltsaltsalt

caprockcaprockcaprockcaprock
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• Compute standardCompute standardCompute standardCompute standard BouguerBouguerBouguerBouguer gravity field using field datagravity field using field datagravity field using field datagravity field using field data
• Interpret  3Interpret  3Interpret  3Interpret  3----D seismic to define basic outline of salt domeD seismic to define basic outline of salt domeD seismic to define basic outline of salt domeD seismic to define basic outline of salt dome
• Constrain geometric interpretation with well controlConstrain geometric interpretation with well controlConstrain geometric interpretation with well controlConstrain geometric interpretation with well control
• Interpret Interpret Interpret Interpret caprock caprock caprock caprock geometry with 2geometry with 2geometry with 2geometry with 2----D seismic and well controlD seismic and well controlD seismic and well controlD seismic and well control
• Define 3Define 3Define 3Define 3----D geometric model of salt, D geometric model of salt, D geometric model of salt, D geometric model of salt, caprockcaprockcaprockcaprock, sediments, sediments, sediments, sediments

– ComputeComputeComputeCompute BouguerBouguerBouguerBouguer gravity model of 3gravity model of 3gravity model of 3gravity model of 3----D geometric modelD geometric modelD geometric modelD geometric model
– Compute residual gravity anomaly field:  Compute residual gravity anomaly field:  Compute residual gravity anomaly field:  Compute residual gravity anomaly field:  ∆∆∆∆gggg = = = = ggggearthearthearthearth –––– ggggmodelmodelmodelmodel

– Adjust geometric model (salt Adjust geometric model (salt Adjust geometric model (salt Adjust geometric model (salt andandandand caprockcaprockcaprockcaprock) to reduce residual anomalies) to reduce residual anomalies) to reduce residual anomalies) to reduce residual anomalies
– Repeat …..Repeat …..Repeat …..Repeat …..

• Insert SPR cavern models and compute proximity indicatorsInsert SPR cavern models and compute proximity indicatorsInsert SPR cavern models and compute proximity indicatorsInsert SPR cavern models and compute proximity indicators

forward gravity modeling uses the methodology of forward gravity modeling uses the methodology of forward gravity modeling uses the methodology of forward gravity modeling uses the methodology of Talwani Talwani Talwani Talwani & Ewing (1960), & Ewing (1960), & Ewing (1960), & Ewing (1960), 
as implemented in proprietary software by GETECH, Inc.as implemented in proprietary software by GETECH, Inc.as implemented in proprietary software by GETECH, Inc.as implemented in proprietary software by GETECH, Inc.
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Target for Iterative Gravity ModelingTarget for Iterative Gravity ModelingTarget for Iterative Gravity ModelingTarget for Iterative Gravity Modeling
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Note broad gravity low related to deepNote broad gravity low related to deepNote broad gravity low related to deepNote broad gravity low related to deep----seated salt;seated salt;seated salt;seated salt;
sharp gravity high related to shallow dense sharp gravity high related to shallow dense sharp gravity high related to shallow dense sharp gravity high related to shallow dense caprockcaprockcaprockcaprock

gravity scale obscured to preserve proprietary datagravity scale obscured to preserve proprietary datagravity scale obscured to preserve proprietary datagravity scale obscured to preserve proprietary data
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Salt contours atSalt contours atSalt contours atSalt contours at
––––1500 and 1500 and 1500 and 1500 and ––––5000 ft 5000 ft 5000 ft 5000 ft 



caprockcaprockcaprockcaprock

saltsaltsaltsalt

Bouguer  Bouguer  Bouguer  Bouguer  gravity gravity gravity gravity pseudosurfacepseudosurfacepseudosurfacepseudosurface

caprock removed

caprockcaprockcaprockcaprock
gravity gravity gravity gravity 
high high high high 

directly directly directly directly 
below below below below 
saltsaltsaltsalt

colorcolorcolorcolor----coded coded coded coded 
residual residual residual residual 
anomaliesanomaliesanomaliesanomalies

+ -

the actual gravity modeling was conducted by Bob Weber of GETECHthe actual gravity modeling was conducted by Bob Weber of GETECHthe actual gravity modeling was conducted by Bob Weber of GETECHthe actual gravity modeling was conducted by Bob Weber of GETECH, Inc., Inc., Inc., Inc.
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initialinitialinitialinitial

finalfinalfinalfinal
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Note Note Note Note 
vertical vertical vertical vertical 

extent of extent of extent of extent of 
most drill most drill most drill most drill 

holesholesholesholes



Residual Gravity AnomalyResidual Gravity AnomalyResidual Gravity AnomalyResidual Gravity Anomaly
- +

prominent annular, positive 
anomaly related to caprock

bland, near-zero residual closely 
matches target gravity model

better salt flank; still too better salt flank; still too better salt flank; still too better salt flank; still too 
much highmuch highmuch highmuch high----density density density density caprockcaprockcaprockcaprock

Outline of salt dome at Outline of salt dome at Outline of salt dome at Outline of salt dome at 
––––1500 and 1500 and 1500 and 1500 and ––––5000 ft5000 ft5000 ft5000 ft

initialinitialinitialinitial intermediateintermediateintermediateintermediate finalfinalfinalfinal

∆∆∆∆gggg ==== ggggearthearthearthearth –––– ggggmodelmodelmodelmodel

15



sonarsonarsonarsonar----surveyedsurveyedsurveyedsurveyed cavernscavernscavernscaverns

proposed “design” caverns

Red dots Red dots Red dots Red dots 
on sonaron sonaron sonaron sonar----
surveyed surveyed surveyed surveyed 
caverns caverns caverns caverns 
indicate indicate indicate indicate 
points of points of points of points of 
greatest greatest greatest greatest 
radiusradiusradiusradius
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Sonar Sonar Sonar Sonar 
surveys surveys surveys surveys 
indicate indicate indicate indicate 
modestly modestly modestly modestly 
complex complex complex complex 
cavern cavern cavern cavern 
formsformsformsforms



Red dots 
on sonar-
surveyed 
caverns 
indicate 
points of 
greatest 
radius

inside of inside of inside of inside of 
salt wallsalt wallsalt wallsalt wall

Note consistent orientationsNote consistent orientationsNote consistent orientationsNote consistent orientations
of maximum cavern radiiof maximum cavern radiiof maximum cavern radiiof maximum cavern radii

implying preferential implying preferential implying preferential implying preferential solutioningsolutioningsolutioningsolutioning

standstandstandstand----offoffoffoff
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ClosestClosestClosestClosest----Approach 3Approach 3Approach 3Approach 3----D VectorsD VectorsD VectorsD Vectors
greater than greater than greater than greater than 

design design design design 
distancedistancedistancedistance

less than less than less than less than 
design design design design 

distancedistancedistancedistance

Design cavern Design cavern Design cavern Design cavern 
standstandstandstand----off off off off 

distance based distance based distance based distance based 
on pillaron pillaron pillaron pillar----totototo----

diameter ratio diameter ratio diameter ratio diameter ratio 
after 5 fillafter 5 fillafter 5 fillafter 5 fill----andandandand----
leach cyclesleach cyclesleach cyclesleach cycles

Design edgeDesign edgeDesign edgeDesign edge----
standstandstandstand----off off off off 

distance is distance is distance is distance is 
similarsimilarsimilarsimilar

nominal (design)nominal (design)nominal (design)nominal (design)
standstandstandstand----off distance = 430 ftoff distance = 430 ftoff distance = 430 ftoff distance = 430 ft
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Nominal 
stand-off 
= 430 ft
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• ComputerComputerComputerComputer----based 3based 3based 3based 3----D model constructed for the Big Hill D model constructed for the Big Hill D model constructed for the Big Hill D model constructed for the Big Hill 
salt dome using postsalt dome using postsalt dome using postsalt dome using post----1980 data1980 data1980 data1980 data

• Model constructed using iterative technique to match Model constructed using iterative technique to match Model constructed using iterative technique to match Model constructed using iterative technique to match 
extensive surfaceextensive surfaceextensive surfaceextensive surface----gravity data basegravity data basegravity data basegravity data base

• Model honors Model honors Model honors Model honors allallallall available data (gravity, 2available data (gravity, 2available data (gravity, 2available data (gravity, 2----D andD andD andD and
3333----D seismic, well control, downD seismic, well control, downD seismic, well control, downD seismic, well control, down----hole cavern surveys) hole cavern surveys) hole cavern surveys) hole cavern surveys) 
within limits imposed by professional judgmentwithin limits imposed by professional judgmentwithin limits imposed by professional judgmentwithin limits imposed by professional judgment

• Visualization in 3Visualization in 3Visualization in 3Visualization in 3----D useful for qualitative and D useful for qualitative and D useful for qualitative and D useful for qualitative and 
conceptual understanding of geology and engineered conceptual understanding of geology and engineered conceptual understanding of geology and engineered conceptual understanding of geology and engineered 
structuresstructuresstructuresstructures
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• Volume of salt allowed by gravity modeling is Volume of salt allowed by gravity modeling is Volume of salt allowed by gravity modeling is Volume of salt allowed by gravity modeling is 
markedly reduced (~36 percent overall) over that markedly reduced (~36 percent overall) over that markedly reduced (~36 percent overall) over that markedly reduced (~36 percent overall) over that 

by seismic interpretation and wellby seismic interpretation and wellby seismic interpretation and wellby seismic interpretation and well----
control datacontrol datacontrol datacontrol data
• There is a preferred orientation of dissolution There is a preferred orientation of dissolution There is a preferred orientation of dissolution There is a preferred orientation of dissolution 

implied by the maximum diameters of the sonarimplied by the maximum diameters of the sonarimplied by the maximum diameters of the sonarimplied by the maximum diameters of the sonar----
measured downmeasured downmeasured downmeasured down----hole cavern imageshole cavern imageshole cavern imageshole cavern images
• StandStandStandStand----off distances have been measured for both off distances have been measured for both off distances have been measured for both off distances have been measured for both 

existing and potential SPR caverns; these existing and potential SPR caverns; these existing and potential SPR caverns; these existing and potential SPR caverns; these 
generally meet design criteriagenerally meet design criteriagenerally meet design criteriagenerally meet design criteria
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